Hemiplegia is a physical impairment that can occur in childhood following head hemiplegia. In this review, we provide a brief description of forced use and CI therapy and their historical basis, provide a summary of studies of these interventions in children, and discuss a number of important theoretical considerations, as well as implications for postural control. We will show that whereas the studies to date suggest that both forced use and CI therapy appear to be promising for improving hand function in children with hemiplegia, the data are limited. Substantially more work must be performed before this approach can be advocated for general clinical use.
impairments in children with hemiplegia compromise movement efficiency. Such children often tend not to use the affected extremity, which may further exacerbate the impairments, resulting in a developmentally learned non-use of the involved upper extremity, termed 'developmental disuse'. Recent studies suggest that children with hemiplegia benefit from intensive practice. Forced use and Constraint-lnduced Movement Therapy (CI therapy) are recent therapeutic interventions involving the restraint of the non-involved upper extremity and intensive practice with the involved upper extremity. These approaches were designed for adults with hemiplegia, and increasing evidence suggests that they are efficacious in this population. Recently, forced use and constraint-induced therapy have been applied to children with hemiplegia. In this review, we provide a brief description of forced use and CI therapy and their historical basis, provide a summary of studies of these interventions in children, and discuss a number of important theoretical considerations, as well as implications for postural control. We will show that whereas the studies to date suggest that both forced use and CI therapy appear to be promising for
INTRODUCTION
Hemiplegia is a physical impairment that can occur in childhood following head trauma, cerebral vascular accident or transient ischemic attack (stroke), brain tumor or congenital or perinatal (C) 2005 Freund Publishing House Ltd. injury (CHASA, 2003) . One of the most disabling symptoms of hemiplegia is unilaterally impaired hand and arm function, which affects self-care activities such as feeding, dressing, and grooming. The impairment of the hand is often the result of damage to the motor cortex and corticospinal pathways responsible for the fine motor control of the fingers and hand (e.g., Lawrence & Kuypers, 1968; Muir & Lemon, 1983; Duque et al., 2003) .
Thus, skilled independent finger movements do not develop typically in children with hemiplegia. During tasks that require fine manipulation, such children often use several fingers (Brown et al., 1987; Twitchell, 1958) , and often show abnormal hand posturing as well as reduction in distal strength and dexterity (Brown et al., 1987) . Sensory disturbances can occur as well (e.g., Tizard et al., 1954; Brown et al., 1987; Lesn3, 1993; Yekutiel et al., 1994; Gordon & Duff, 1999b) , further complicating any motor impairment (cf. Moberg, 1962) . Furthermore, children with hemiplegia due to cerebral palsy (CP, the most motorically studied subtype of hemiplegia) have difficulty with the timing and coordination of reaching movements (Steenbergen et al., 1998; Utley & Sugden, 1998; Hung et al. 2004 ), grasping (Eliasson et al., 1991; 1992; Gordon & Duff, 1999a; 1999b; Gordon et al., 1999; Forssberg et al., 1999; Eliasson & Gordon, 2000; , movement planning (Steenbergen et al., 1998; Steenbergen & van der Kamp, 2004) , and a deficient capacity to modulate postural adjustments during reaching (Hadders-Algra et al., 1999 (Gordon & Duff, 1999a , Boyd et al., 2001 Shumway-Cook et al., 2003) . This (Taub & Wolf, 1997; cf. Skinner, 1968; Morgan, 1974; Panyan, 1980 (Taub, 1980) . Further studies with deafferented monkeys were conducted to delineate the learned non-use and forced use paradigms Taub et al., 1994) . Constraint of the less affected upper extremity of monkeys deafferented in utero and at birth also shows increased use of the deafferented extremity (Taub et al., 1975) , suggesting that learned non-use can be prevented if the constraint is applied early during development.
Constraint-induced therapy in adults
Two early studies in adults with hemiplegia examined the effects of forced use on the involved upper extremity (Ostendorf & Wolf, 1981; Wolf et al., 1989) . Subsequent studies involving adults following stroke utilized restraint in addition to the shaping technique as a clinical intervention to examine changes in involved upper-extremity function (e.g., Taub et al., 1993; Taub & Wolf, 1997) . Gradually the intervention was refined and eventually termed "constraint-induced movement therapy" (Taub et al., 1999) . Forced use and CI therapy involve restraint and practice using the involved upper extremity.
As shown in Fig. 1 (Mane et al., 1989; Winstein, 1991; Schmidt & Lee, 1999) (Liepert et al., 1998; 2000; Levy et al., 2000; Schaechter et al., 2002; Park et al., 2004 (Taub & Crago, 1995 Gordon et al., unpublished) . One of these studies involved forced use of the involved upper extremity during the restraint period (Willis et al., 2002) and three studies (Taub et al., 2004;  Charles et al., unpublished; Gordon et al., unpublished) engaged children in structured practice during the restraint period. While various outcome measures were used to determine changes in involved upper extremity function (see Table 1 ), all of these studies reported increased use and function of the involved upper extremity following the intervention.
Based on the positive results of all these studies, CI therapy and forced use seem to show promise as interventions to improve involved hand and arm function in children with hemiplegia. Nevertheless, the number of children that have been involved in these studies is limited and only four studies used a randomized design. Thus, across these studies, the distribution of impairment was important but the etiology was not seen as an indicator of the appropriateness of the intervention. Only one study designated the length of time that a child exhibited hemiplegia as an inclusion criteria, i.e., chronic vs. acute (Willis et al., 2002) . In addition, sensory integrity and/or amount of active movement in the involved wrist and hand were used to determine suitability for participation for children in six of the studies (Yasukawa et al., 1990; Crocker et al., 1997; Charles et al., 2001; Eliasson et al., 2003;  (Glover et al., 2002) (Taub & Wolf, 1997) . Specifically, restraints that allow some use of the non-involved extremity will result in less intensive practice because the non-involved arm can still be used to complete tasks. Another consideration concerns safety issues when individuals are wearing the restraint in the home environment. In fact, the use of a mitt rather than a sling was ultimately employed in the national clinical trial for safety reasons, i.e., to allow the wearer to be able to use the non-involved upper extremity for protection extension in case of loss of balance or falls (Winstein et al., 2003) .
The following different types of restraints were used during the restraint period in the pediatric studies: casts (Yasukawa, 1990; Glover et al., 2002; Willis et al., 2002; DeLuca et al., 2003) , resting splints (Crocker, 1997; Glover et al., 2002; Eliasson et al., 2003) , slings (Charles et al., 2001; Charles et al., unpublished; unpublished) , mitts (Pierce et al., 2002; Karman et al., 2003) , and gentle intermittent physical restraint (Naylor & Bower, in press). Whereas each study described the extent of the restraint (usually by how much of the extremity was covered by the restraining device), few studies provided a rationale for employing a particular type of restraint. Concerns regarding compliance, safety and side-effects were stated as a consideration in the type of restraint that was used in several studies (Charles et al., 2001; (Willis et al., 2002; Yasukawa et al., 1990; Taub et al., 2004) required the children to don the restraint for a longer period (24-hours per day). Placing a child in a cast for either 90% or more of waking hours is restrictive because it does not give a child an opportunity during the day for successful interaction with the environment. Although compliance is assured, the frustration for children and their families could be excessive, particularly for younger children whose attention span on a task is typically short.
In the other studies, children wore restraints for shorter durations and/or the type of restraint was less restrictive. With the exception of four studies (Pierce et al., 2002; Sterr et al., 2002; Eliasson et al., 2005; Naylor & Bower, in press), however, the restraint was never worn for less than 6 hours per day, and the intervention period was never less than 10 days (see Table 1 ). In this respect, the length of time of active programming and the duration of the intervention generally followed the protocol in adult CI therapy studies. Such variation in restraint type and duration appears to have been an effort to make the intervention more childfriendly.
The length of the intervention and the intensity of active programming are linked. A premise of CI therapy is the intensity and type of practice provided during the intervention. Based on animal deafferentation studies, Taub (1980) determined that changes in extremity motor function were transient with less than three days in a restraint. Therefore, a period of 7 to 10 days was determined to be an optimal duration for intervention. In addition, in most adult studies the time spent in active pro-gramming has been 6 hours/day, although the justification for this length of time has never been clearly stated (see Wolf et al., 2002 for review).
Using this regimen, CI therapy has been shown to be effective even in older children and adolescents (Charles et al., 2001; Eliasson et al., 2003; Gordon et al. unpublished) . Gains in younger children have been observed using forced use without structured practice (Willis et al., 2002) and CI therapy modified to be less intense (e.g., Naylor & Bower, in press). Whether older children would improve with reduced intensity associated with a few hours per week or forced use without structured practice is unknown.
Forced use versus CI therapy
Constraint-induced therapy with structured practice involves using the restraint of the noninvolved extremity and providing structured practice that includes both shaping and repetitive task practice (Taub & Wolf, 1997; Wolf et al., 2002; Winstein et al., 2003) . Based on this definition, any intervention that does not include. shaping practice is considered either CI therapy with active practice (modified CI therapy) or forced use (see Fig. 1 ). Although restraint of the non-involved upper extremity is common to all but two studies (Sterr et al., 2002; Naylor & Bower, in press), structured practice that includes shaping is described in nearly half of the remaining studies (Sterr et al., 2002; Karman et al., 2003; DeLuca et al., 2003; Taub et al., 2004; Charles et al., unpublished; Gordon et al., unpublished) . One study (Willis et al., 2002) clearly used forced use, and several studies included either more or longer therapy sessions to provide some more-structured practice during restraint wear (Pierce et al., 2002; Yasukawa, 1990; Crocker et al., 1997; Glover et al., 2002; Eliasson et al. 2003; . Two studies (Charles et al., 2001; Eliasson et al., 2003) provided some structured practice without shaping during a 6-hour restraint period.
Constraint-induced therapy, as defined in the adult studies, involves the addition of structured practice (Fig. 1) , which may not be appropriate for younger children who cannot sustain long periods of attention (Plude et al., 1994; Gordon et al., 2005) . Shaping and repetitive practice provided through play activities can be made child friendly, depending on the type of activity used for structured practice but may be too difficult for children below 3 years because of time on task. Four studies that used forced use (restraint plus unstructured practice, see Fig. 1 ) included children 2 years of age and younger (Yasukawa, 1990; Crocker et al., 1997; Willis et al., 2002; , whereas another study involving younger children (age 19 and 38 months) used modified CI therapy by providing an intensive therapy program that promoted hand and arm function in addition to a restraint (Glover et al., 2002) . These studies support the idea that structured practice may be too difficult for younger children.
The results of one case study (DeLuca et al., 2003) specifically indicated that structured practice involving shaping was used with a child younger than 2 years. The type of activities used during the intervention, however, were based on primary motor skill acquisition, i.e., the use of the involved upper extremity in crawling rather than fine motor and manipulative skills; the duration of active practice was dependent on the child's naptime. In addition, facilitation techniques such as tapping and handover-hand assistance were used to help the children to obtain movement objectives. Although these techniques are often used in physical and/or occupational therapy, movement of the involved upper extremity may have been more passive than active, which is not indicative of the type of practice defined in the adult CI therapy studies.
Thus, forced use or a modified form of CI therapy may be most appropriate for children 3 years of age and younger because it does not involve structured practice (shaping and repetitive task practice) and would not require the attention to time on task, whereas a child-friendly CI therapy (restraint plus structured practice, see Fig. 1 ) might be more appropriate for children 4 years of age and older who have the ability to sustain time on task for longer periods (Gordon et al., 2005) . Nevertheless, forced use should not be viewed as less invasive because the activities in which a child chooses to engage would not be adapted to their capabilities, potentially leading to greater frustration. Accordingly, the dropout rates of participants receiving CI therapy (Gordon et al., 2005) are likely to be much lower than in those receiving forced use.
Whereas the results of these pediatric studies were positive regardless of the type of practice provided during the restraint period, the adult studies tested various types of practice during the restraint period (Taub & Wolf, 1997 ). Shaping and structured task practice are based on behavioral training principles that can also be described as motor learning in terms of part-task practice (shaping), as well as practicing an entire functional task (whole practice), with changes in task constraints increasing the difficulty ofthe task and global feedback providing information about task performance (Winstein et al., 2003) . With this in mind, motor learning principles such as practice schedules, types of task practice, types of feedback, and retention testing (Schmidt & Lee, 1999) may be an appropriate theoretical framework to use in defining a CI therapy intervention that is appropriate for pediatric populations (Gordon et al., 2005 Table 1 ). In addition, two studies used tests that had been developed for the adult population (Pierce et al., 2002; Karman et al., 2003) . Qualitative methods were used in two of the 15 studies (Crocker et al., 1997; Glover et al., 2002) . Given the limitations of available tests across the age groups, additional qualitative studies can be useful to describe information about change in function.
As mentioned previously, the variability of evaluation tools among the studies makes it difficult to draw conclusions about the extent of changes following the intervention. Although the age span of the children included in the studies made it difficult to use common standardized tools, this variability could also reflect a lack of consideration for the therapeutic goals of the intervention. Based on the types of evaluation tools that were used in all of these studies, information regarding changes in development, strength, efficiency, coor-dination, and real-life use of involved upper extremity was evaluated (see Table 1 ). A clarification of inter-vention goals is important in the selection of appropriate evaluation tools. Goals and outcomes of an intervention should be consistent with the needs of the intended population (Palisano et al., 2000) .
Is posture in the picture?
Upper extremity function involves appropriate postural control. At a minimum, the trunk must provide suitable support. During reaching and object manipulation, both adults (e.g., Kaminski et al., 1995; Adamovich et al., 2001 ; Thomas et 
